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SUBJECT: ARIEL S a t e l l i t e  (S-51 Prototype) Magnetic T e s t s  

A series of magyetic tests w e r e  made of t h e  AXRIEL-1 
(S-51 Prototype) s a t e l l i t e  a t  t h e  W , S .  Naval Ordnance Lab- 
o r a t o r y  Magnetic T e s t  F a c i l i t y  on D e c e m b e r  4-7, 1962.  The 
purpose of these  tes ts  w a s  t o  o b t a i n  data t o  i n d i c a t e  t h e  
probable magnitude of t h e  magnetic moment of the S-51 f l i g h t  
u n i t  which i s  p r e s e n t l y  i n  o r b i t ,  This information has  been 
requested by D r ,  A. P. Willmore of Univers i ty  College,  London, 
England f o r  use i n  a t tempting t o  expla in  t h e  v a r i a t i o n  of t h e  
s o l a r  aspec t  of t h e  AERIEL-1 s a t e l l i t e  

I n  genera l ,  t h e  n e t  magnetic moment of a s a t e l l i t e  is  
composed of con t r ibu t ions  from the  fol lowing fou r  effects:  

1. Permanent magnetization of f e r r o u s  materials 

2, Induced magnetization of f e r r o u s  materials, 

3. S t r ay  f i e l d  due to flow c y f  i n t e r n a l  d i rec t  c u r r e n t s ,  

4 ,  Eddy c u r r e n t  f i e l d s  due t o  vol tages  generated i n  
conducting m a t e r i a l  when spun i n  t h e  e a r t h ' s  magnetic 
f i e l d  

D a t a  has  been obtained t o  i n d i c a t e  t h e  magnitude of t h e  
moment due t o  t h e  f irst  three e f f e c t s ,  N o  experimental  i n -  
v e s t i g a t i o n  has  been  attempted of t h e  f o u r t h  e f f e c t ,  bu t  it 
is be l ieved  t o  be s m a l l  due t o  t h e  low rate  of s p i n  and t h e  
absence of l a r g e  a r e a s  of conducting m a t e r i a l ,  

D a t a  w a s  obtained by t w o  methods; 1) magnetic d e t e c t o r  
moved past below t h e  s t a t i o n a r y  s a t e l l i t e ,  and 2 )  s a t e l l i t e  
moved past along side of t h e  s t a t i o n a r y  magnetic d e t e c t o r .  
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The d e t e c t o r  Fs a t r i a x i a l  f luxgate  magnetometer opera t ing  
a t  a s e n s i t i v i t y  of one gamma per  t e n t h  inch d i v i s i o n .  Figures  
1 and 2 are photographs of the  s a t e l l i t e  mounted i n  t h e  t e s t  
f a c i l i t y .  Figure 3 i s  a diagram of t h e  t es t  arrangement f o r  
Method 1, 

A survey w a s  made of t h e  v e r t i c a l  component (€Iz) of the  
magnetic f i e l d  t h r e e  and one-half f e e t  below t h e  approximate 
c e n t e r  of t h e  s a t e l l i t e ,  The l a r g e  f a c i l i t y  c o i l  system w a s  
i n  opera t ion  such t h a t  t h e  e a r t h ' s  f i e l d  w a s  compensated 
t o  zero  (wi th in  Ool%) over t h e  e n t i r e  volume of t h e  s a t e l l i t e ,  
Thus t h e  f i e l d  measured i s  t h a t  due t o  t h e  permanent magneti- 
z a t i o n  only. A contour map of t h e s e  data i s  shown i n  Figure 4 ,  
A s tudy of t h i s  map i n d i c a t e s  t h a t  the  permanent moment i s  
predominantly v e r t i c a l ,  d i r ec t ed  upward, b u t  t i pped  about t e n  
degrees  t o  t h e  south and t e n  degrees t o  t h e  west ,  (These 
are geographic r a t h e r  t h a n  geomagnetic d i r e c t i o n s  s ince  t h e  
ear th ' s  f i e l d  w a s  compensated t o  z e r o , )  

It should be noted t h a t  t he  s o l a r  paddles w e r e  not  on during 
t h i s  t es t  due t o  phys ica l  l i m i t a t i o n  of t h e  t e s t  r i g ,  A l a te r  
t e s t  of an i s o l a t e d  paddle ind ica ted  t h a t  t h e  permanent moment 
of each paddle would con t r ibu te  about 13 gamma a t  a d i s t ance  of 
nine inches.  The two instrument booms w e r e  i n  p l ace ,  bu t  t h e  
i n e r t i a l  booms w e r e  l e f t  of f  s ince  they  contained no f e r r o u s  
material .  Based upon t h i s  Hz data alone,  t h e  v e r t i c a l  moment 
has  a magnitude of 30 X 3,53 

= 642 gamma- foot^,, 2 

By t u r n i n g  of f  t h e  v e r t i c a l  a x i s  f a c i l i t y  c o i l ,  a neasure- 
ment w a s  obtained of t h e  Hz f i e l d  due t o  t h e  v e r t i c a l  induced 
moment of t h e  s a t e l l i t e  f o r  an applied f i e l d  of 53,000 g a m a ,  
A s  shown i n  Figure 5,  t h i s  w a s  found t o  be 4 1  g a m a  a t  a d i s t ance  
of t h r e e  and one-half feet  ( t e s t  55 minus t e s t  35) and ind i -  
cates an induced moment of 877 gama-foot3,  

A second series of runs were made i n  which t h e  t h r e e  
or thogonal  components were measured and t h e  t o t a l  f i e l d  w a s  
computed f o r  t h e  c e n t e r l i n e  p r o f i l e ,  This w a s  done f o r  
cond i t ions  of bat tery power - OFF and b a t t e r y  power ON. See 
Figure  6. 
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Power OFF 

TOTAL FIELD VERTICAL MOMENT 
IN GAMMA GAMW-FOOT~ 

43.2 924 

The next set  of data was obtained by t h e  second method 
of measurement, i - e o ,  s a t e l l i t e  moved p a s t  s t a t i o n a r y  d e t e c t o r ,  
Figure 7 i s  a diagtam of the.arrangement used, See a l so  t h e  
photographs of Figure l a  and lb, Again t h e  t h r e e  orthogonal 
components w e r e  recorded, bu t  a t  a d i s t ance  of two and one-half 
f e e t ,  and from these  t h e  t o t a l  f i e l d  w a s  computed, This w a s  
done with paddles i n  p lace  and f o r  condi t ions  of power OFF 
and power ON with two paddles ac t iva t ed  with p a i r s  of Sylvania 
sun guns, producing 520 t o  530 milliamperes of charging c u r r e n t .  
The r e s u l t s  w e r e  as shown i n  Figure 8 and i n  t h e  fol lowing 
t a b l e  P 

Power OFF 

TOTAL FIELD MOMENT 
I N  GAMMA GAMMA- FOOT^ 

49.4 385 

Sun Gun OFF 

Power ON 61.0 475 

Sun Gun ON 

(measured a t  two and gne-half f e e t  w e s t  of s p i n  a x i s )  

D a t a  from a previous t e s t  performed at t h e  Fredericksburg 
Magnetic Observatory by C l e l l  Scearee indica ted  t h a t  one might 
expect  about two g a m a  s t r a y  f i e l d  normal t o  t h e  paddle a t  a 
d i s t a n c e  of two fee t  when t h e  paddle i s  producing 500 millianperes. 

I n  add i t ion ,  componerrt data w e r e  obtained (by t h e  second 
method) of t h e  f i e l d s  due t o  the permanent p l u s  t h e  induced 
v e r t i c a l  magnetization and due t o  t h e  permanent p lus  t h e  induced 
h o r i z o n t a l  magnetization of t he  s a t e l l i t e .  From these  d a t a  
t h e  t o t a l  f i e l d  w a s  computed and i s  shown i n  Figure 9.  By 
s u b t r a c t i n g  t h e  0-0-0 curve from the 0-40000-0 curve one f i n d s  
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t h e  t o t a l  f i e l d  due t o  t h e  induced h o r i z o n t a l  moment t o  be 
101 gamma a t  a d i s t ance  of t w o  and one-half f e e t  w e s t  of t h e  
s a t e l l i t e ,  Based upon t h i s  value t h e  induced h o r i z o n t a l  moment 
i s  computed t o  be 789 gamma-foot3, 

It should be noted t h a t  these  data are from t h e  S-51 
prototype and do not  necessa r i ly  i n d i c a t e  t h e  magnetic moment 
of t h e  S-51 f l i g h t  u n i t .  The permanent moment e s p e c i a l l y  may 
vary cons iderably  s ince  it i s  c l o s e l y  related t o  t h e  exac t  
magnetic h i s t o r y  of t h e  p a r t i c u l a r  

C, 

s a t e l l i t e  

LELAND PARSONS 

CLP: l h s  

Enclosures - Figures  1-9 

cc t Chief , Technical Services  (L ,  Winkler) 
C h i e f ,  T e s t  and Evaluation Divis ion (Jo e. New) 
Head, E l e c t r o n i c s  T e s t  Branch (P .  Yaffee) 
Mechanical Systems Branch (R, e.  Baumann) 
Mechanical Systems Branch (J, T. Shea) 
Mechanical Systems Branch (Ton L ,  Eng) 
System Evaluat ion Branch (W. Hord) 

L 
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( a )  Photograph of arrangement for Tests 8 thru 20 & 28 thru 31 

'. 

(b)  Photograph of arrangement for Tests 57 thru 65 

Figure I 
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( a )  Photograph of arrangement for Tests 35 thru 54 

( b )  Lowered for removal, post Test 54 

Figure 2 
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Figure-3. Arrangement for Tests 35 thru 55 
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Figure-4. Vertical Component of Magnetic Field (in gamma) 
3 1/2 feet below Satellite due to Permanent Magnethation 
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Figure-5. Vertical Component of Magnetic Field 3- 1/2 Feet below Satellite due 
to Induced Vertical Magnetization plus Permanent Magnetization. 
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Figure-6. Total Mqgnetic Field 3; feet below Satellite due to Permanent 

Magnetization plus Stray. Measured in zero applied field. 
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Figure- 7. Arrangement for Tests I through 34 a 56 Through 74 
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Figure-8. Total Magnetic Field 2i feet west of Satellite due to Permanent 
Magnet i ta t ion plus St ray. Measured in zero applied field. 
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Figure-9. Total Magnetic Field 2h Feet West of Satellite 
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Table 1 
Summary Of MIgenetiE Test Data For S-51 Ariel 

Detector 

Position 

No. 

Test 

No. 

-+E- 
37 7 

+--I+- "- 
46 
47 

48-54 7 

59 
60 4 
61 4 

+Et+- * 
73 
74 I 3 

Remorks 

14 of 14 


